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CHAPTER I 


CROSS-SLIDE KNURLING OPERATIONS 

In designing a set of cams for knurling operations on the Brown & 
Sharpe automatic screw machines, it is desirable that as little experi¬ 
mental work as possible be required. The following formulas and data 
will prove of value in this connection. Before presenting these data 
and formulas, however, the different tools and appliances necessary for 
knurling will be briefly reviewed. 

A very solid and rigid rear cross-slide knurl-holder is shown in Fig. 
1. It is held by means of the capscrew B on the outside face A of the 
cross-slide tool-holder. This screw also holds the circular cut-off tobl in 
position. The holder allows the knurl to pass over the work, and re¬ 



turns it after the piece has been cut off. It is simple and cheap, and 
covers a wide range of work, as the distance C to the circular cut-off 
tool can be changed so that the work will be cut off closer or further 
away from the knurl, as desired. The set-screw D rigidly supports the 
knurl-holder, and also provides means for adjusting. The oil hole E 
permits a good supply of oil to reach the knurl for removing all chips. 
This holder, however, can be used only on the tool-holder which carries 
the cut-off tool, because the finished piece must be severed from the 
bar before the knurl can return. 

Universal Cross-slide Knurl-bolder 
The knurl-holder shown in Fig. 1 is limited in its range, but the one 
shown in Fig. 2, while more expensive and complicated, is also more 
efficient and universal. This holder eliminates the cross-slide tool-post, 
and carries the circular cut-off tool A in the same way as it would be 
held in the ordinary tool-post. It can also be used in conjunction with 
either circular form or cut-off tools on the front cross-slide. The knurl 
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can operate at any desired position on the work by moving the arm C 
along the bar D and then clamping it by means of the cap screw E. 
The holder F which carries the knurl can be moved in or out to any 
position to suit the different diameters of stock being knurled, and is 
adjusted by means of adjusting nuts H and /. The nut 0 Is adjusted 
to insure a good working fit of the holder, and also prevents side move¬ 
ments. When the knurl passes over the stock the nut H is brought up 
against the face B of the arm C f and also puts a tension on spring K, 



Figs, a and 8. Universal Cross-slide Knurl-holder 

so that when the knurl has passed over the work and the pressure on 
the spring is released, the spring forces the nut J up against the face 
L and permits the knurl to clear the work when passing back over the 
stock. The nuts M permit the arm C to be raised or lowered for dif¬ 
ferent diameters of stock. The washers are convex, as shown, so that 
the arm is held firmly even when at an angle to the face of the nuts M. 
Screws 0 tend to steady the holder. 

In Fig. 3 the knurl-holder proper is shown in detail. It will be seen 
that knurls of different widths may be used by making the distance P 
to suit. 
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Straight Knurls 

Straight knurls, as shown in Fig. 4, are generally cut in the milling 
machine with a cutter of the desired angle. The greatest difficulty is 
met with in selecting a suitable angle for the teeth for knurling dif¬ 
ferent materials. A blunt knurl will work better on soft materials 
than one with a more acute angle. The following angles are satis¬ 
factory for the materials specified below: 


Brass and hard copper.,90 degrees. 

Gun screw iron .80 degrees. 

Norway iron and machine steel.70 degrees. 

Drill rod and tool steel.60 degrees. 


When laying out a set of cams for knurling operations, it Is neces¬ 
sary to know the depth of the tooth in the knurl. 



If d = depth of tooth in knurl, 
p = circular pitch of knurl, 

p = “pitch of knurl” = number of teeth in one inch of the cir- 
1 

cumference = —, 

P 

a = included tooth angle of knurl, 

then, for all practical purposes, the depth may be calculated as follows: 
When 

P 

a = 90 degrees, d = —, 

2 

P 

a = 80 degrees, d = — X tan 50 degrees, 

2 

P 

a = 70 degrees, d= — X tan 55 degrees, 

2 

P 

a = 60 degrees, d = — X tan 60 degrees. 

2 
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The values of d for different pitches ranging from 16 to 62 teeth per 
inch of circumference have been calculated from these formulas and 
are given in Table I. 

Concave Knurls 

The designing of a concave knurl which will work satisfactorily is, 
in most cases, a difficult problem, as the radius of the knurl cannot 
have the same radius as the piece to be knurled. It will be seen in 
Fig. 5 that if the knurl and the work are of the same radius, the mate¬ 
rial compressed by the knurl will be forced down on the shoulder A 


TABLE I. DEPTH OP TEETH IN KNURLS 


P = number of teeth in one inch of circumference 
p = circular pitch 
a = included angle of tooth 
d — depth of tooth 


p 


a = 90° 

a = 80° 

a = 70° 

a = C0° 


P 

d 

d 

d 

d 

16 

0.0625 

0.0312 

0.0371 

0.0445 

0.0540 

18 

0.0555 

0.0277 

0.0330 

0.0895 

0.0480 

20 

0.0500 

0.0250 

0.0297 

0.0857 

0.0488 

22 

0.0464 

0.0227 

0.0260 

0.0324 

0.0393 

24 

0.0416 

0.0208 

0.0247 

0.0207 

0.0360 

26 

0.0384 

0.0192 

0.0228 

0.0274 

0.0332 

28 

0.0357 

0.0178 

0.0212 

0.0254 

0.0308 

80 

0.0333 

0.0166 

0.0199 

0.0237 

0.0287 

82 

0.0812 

0.0156 

0.0185 

0.0222 

0.0270 

84 

0.0294 

0.0147 

0.0175 

0.0209 

0.0254 

36 

0.0277 

0.0138 

0.0164 

0.0197 

0.0239 

38 

0.0263 

0.0131 

0.0156 

0.0187 

0.0226 

40 

0.0250 

0.0125 

0.0148 

0.0178 

0.0216 

42 

0.0238 

0.0119 

0.0142 

0.0169 

0.0206 

44 

0.0227 

0.0113 

0.0134 

0.0161 

0.0195 

46 

0.0217 

0.0108 

0.0128 

0.0154 

0.0187 

48 

0.0208 

0.0104 

0.0124 

0.0148 

0.0180 

60 

0.0200 

0.0100 

0.0119 

0.0142 

0.0173 

62 

0.0192 

0.0096 

0 0114 

0.0137 

0.0166 

64 

0.0185 

0.0092 

0.0109 

0.0131 

0.0159 

66 

0.0178 

0.0089 

0.0106 

0.0127 

0.0154 

68 

0.0172 

0.0086 

0.0102 

0.0122 

0.0148 

60 

0.0166 

0.0083 

0.0099 

0.0118 

0.0143 

62 

0.0161 

0.0080 

0.0096 

0.0114 

0.0138 


nnd will consequently make a poor looking job. The writer, having 
met with this difficulty, devised an empirical formula which gives 
satisfactory results. 

A design of a concave knurl is shown in Fig. 6, and all the important 
dimensions are designated by letters. To find these dimensions, the 
pitch of the knurl required must be known, and also, approximately, 
the throat diameter B. This diameter, of course, must suit the knurl 
holder used, and be such that the circumference contains an even 
number of teeth with the required pitch. When these dimensions have 
been decided upon all the other unknown factors can be found from 
the formulas given in the following. 
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Let R = radius of piece to be knurled, 
r = radius of concave part of knurl, 

C = radius of cutter or hob for cutting the teeth in the knurl, 
B = diameter over concave part of knurl (throat diameter), 
A = outside diameter of knurl, 
d — depth of tooth in knurl, 

P = pitch of knurl (number of teeth per inch circumference), 
p = circular pitch of knurl. 



Then, r = R + Y 2 d, 

C = r + d, 

A:=B + 2r — 3d + 0.010 inch. 

As the depth of the tooth is very slight, the outside circumference 
will be accurate enough for all practical purposes for calculating the 
pitch, and it is not necessary to take into consideration the pitch circle 
as is done when calculating gears. 

Example :—Assume that the pitch of a knurl is 32, that the throat 
diameter B is 0.5561 inch, that the radius R of the piece to be knurled 
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is 1/16 inch, and that the angle of the teeth is 90 degrees; find the 
dimensions required for making the knurl. 

Using the same notation as above, we have: 

1 1 

p =— = — =0.03125 Inch, 

P 32 

d = 0.0156 inch (see Table I), 

1 0.0156 

r — -1-= 0.0703 inch, 

16 2 

C = 0.0703 + 0.0156 = 0.0859 inch, 

A = 0.5561 + 0.1406 — 0.0468 — 0.010 = 0.6399 inch. 



Straight concave knurls, when very small, are generally made with a 
master convex knurl. When the knurls are large enough, a milling 
cutter with the proper radius is used for cutting the teeth. As it is 
very difficult to make a concave knurl when the radius is very small, 
and as the knurl in most cases is not required to be absolutely straight, 
the method described in the following for spiral knurls can be used 
for making straight concave knurls on the milling machine with teeth 
in planes practically parallel with the axis of the knurl. 

Spiral Concave Knurls 

It is, in general, very difficult to cut spiral concave knurls, especially 
when the radius of the knurl is very small. In Fig. 7 is shown a 
method which has worked very satisfactorily, and which is also easily 
accomplished. A hob as shown in Fig. 8 is used, the included angle 
of the threads of which is made to suit the material to be knurled. 
The hob is fluted similarly to a master tap, except that the flutes are 
not as deep and a greater number of flutes is used. The lead of the 
hob governs the angle of the spiral on the knurl, and the angle formed 
by cutting hobs with different leads can be derived, approximately, by 
means of the following formula: 
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Let a = angle required, 

B — one-half the lead of the thread of the hob, 

D = diameter of the (hob. 

B 

Then-= tan a. 

1.5 D 

Example :—If a hob has a double thread, the lead of which is % 
inch, and the diameter of the hob is 2 A inch, find the angle a. 

B = V 2 of the lead = 1/16, and, therefore, tan a '= 1/16 % = 

0.1667; a = 9% degrees. 

Cutting a Spiral Concave Knurl in the Milling Machine 

It will be seen from Fig. 7 that when cutting a concave knurl in the 
milling machine, the knurl is held on an arbor shown in detail in Fig. 



Fig. 8. Hob used for Cutting- Concave Knurls in the Milling: Machine 
Fig. 0. Arbor for Cutting Concave Knurls in the Milling Machine 


9. This arbor rotates freely on the centers C, the knurl being held 
tightly against the shoulder on the arbor by the nut shown. When the 
knurl has been tightened, the arbor is put between the centers and the 
table of the milling machine is raised so that the hob comes in contact 
with the knurl. The machine runs slowly at the start so that the 
hob will not be forced, but will space the teeth equally. The speed 
can be increased after the hob has started to cut properly. The hob is 
held in a chuck provided with a shank fitting the socket in the milling 
machine spindle. The work should be fed slowly at first, and care 
should be taken that the arbor rotates freely on the centers, as other¬ 
wise the knurl will not follow the lead of the hob properly, and a well¬ 
shaped tooth will not be produced. Care should also be taken to have 
the diameter of the concave knurl the correct size so that it will con¬ 
tain an even number of teeth, as required by the circular pitch. When 
the knurl has been cut, the corners should be removed as shown in Fig. 
6; then no ragged edges are left on the work, as is the case if the 
corners are not removed. The table of the milling machine should not 
be set over when cutting knurls in this manner, but should be left 
straight. 
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Designing and Cutting Diamond Knurls 

The general methods of using diamond knurls are as follows: 

1. When a knurl-holder, as shown in Fig. 10, can be used, a pair of 
spiral knurls are used, one right- and one left-hand. 

2. When a cross-slide knurl-holder, as shown in Fig. 1, is used, only 
one knurl can be used, being cut both right- and left-hand. A knurl 
cut in this manner would produce a female knurl on the work; so if 
a male knurl is required on the work, the first knurl is used as a master 
knurl in cutting’ the second knurl which will produce a male knurl on 
the work. 



Fifir. IO. Turret Knurl-holder for Brown & Sharpe Automatic 
Screw Machines 


When only the pitch of the knurl required and the angle at which 
the teeth are cut, as indicated in Fig. 11, are known, then the number 
of teeth in the knurl must be found and also the spiral lead, as this 
governs the selection of the change gears used when cutting the knurl. 

To Find the Number of Teeth on the Circumference 
of the Knurl 

When the knurl is to form diamond shapes, as shown in Fig. 11, and 
the included angle is 60 degrees, the number of teeth can be found in 
the following manner. Let 22 be the normal pitch of the knurl. Then 
the circular pitch will be 0.0455 inch -f- cos 30 degrees = 0.0525 inch, 
and the outside circumference divided by 0.0525 inch will be the number 
of teeth of the, knurl. 

To Find the Lead of the Spiral 

To find the lead of a spiral of the knurl mentioned multiply the 
circumference of the knurl by the cotangent of 30 degrees. Assume 
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that the knurl is 0.752 inch in diameter. Then the circumference 
equals 0.752 X 3.1416 = 2.3625 inches. The knurl has a circular pitch 
of 0.0525 inch, and the number of teeth therefore equals 2.3625 -s- 0.0525 
= 45 teeth. The lead equals 2.3625 X cot 30 degrees = 4.09 inches. 

Speeds and Feeds for Knurling 

When the knurl has been designed, the next thing to consider, before 
laying out the cams, is the speed and feed for knurling. This is a 
subject upon which very little has ever been published. As a general 
rule, a knurl can be worked at the same speed as the circular form 
and cut-off tools. It is good practice to feed the knurl gradually to 
the center of the work, starting to feed where the knurl touches the 



Fig:. 11. Diagram for Finding: Circular Pitch and Lead of Spiral Knurls 
Figr. 12. Diagram for Calculations Relating: to the Feeds of Knurls 


work as is shown by the distance c in Fig. 12, and then to pass off the 
center of the work with a quick rise on the cam. The knurl should 
also dwell for a certain number of revolutions, depending on its pitch, 
and the nature of the material being worked upon. Some advocate the 
knurl being brought into position on the center of the work on the 
quick rise of the cam, and then being allowed to dwell for a certain 
number of revolutions; but the writer has found that this does not 
work satisfactorily, and cannot be depended upon. It might work 
when using a knurl which has a very fine pitch, on large stock, but 
under general conditions it will be found that gradually feeding the 
knurl to the center of the work will work better. 

The feed required for a knurl is governed by the nature of the mate¬ 
rial being knurled, the diameter of the material, and the width and 
pitch of the knurl. 

The surest and most practical way to find the feed required for a 
knurl on a certain kind of material is by experimenting. The writer 
has collected the results of different experiments and compiled them in 
Table II. This table covers practically all the different materials 
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specified in this article, as the angle of the teeth in the knurls varies in 
accordance with the hardness of the material on which the knurl is 
used. In that case the feeds given in the table will be practically the 
same for all the materials previously specified. These feeds are only 
applicable when knurling from the cross-slide. 

TABLE II. FEEDS FOR KNURLING 


Width of Knurl, Inches 


Diam. 

of 

Stock, 

Inches 

A 

i 

8 

T 5 

i 

A 

g 

xV 

i 












Feed per Revolution, Inches 




0.0010 

0.0005 







$ 

0.0014 

0.0009 

0.0005 






T » 

0.0018 

0.0012 

0.0010 

0.0005 





4 

0.0022 

0.0016 

0.0014 

0.0010 

0.0005 




T 5 * 

0.0026 

0.0020 

0.0018 

0.0013 

0.0010 

0.0005 



g 

0.0080 

0.0025 

0.0022 

0.0017 

0.0015 

0.0010 

0.0005 


T*8 

0.0034 

0.0029 

0.0026 

0.0021 

0.0018 

0.0015 

0.0010 

0.0005 

i 

0.0039 

0.0032 

0.0030 

0.0025 

0.0022 

0.0020 

0.0014 

0.0008 

A 

0.0042 

0.0036 

0.0034 

0.0029 

0.0028 

0.0024 

0.0017 

0.0012 

f 

0.0046 

0.0040 

0.0038 

0.0033 

0.0031 

0.0028 

0.0020 

0.0016 

n 

0.0060 

0.0045 

0.0042 

0.0087 

0.0034 

0.0031 

0.0023 

0.0020 

i 

0.0054 

0.0049 

0.0048 

0.0041 

0.0038 

0.0034 

0.0026 

0.0023 


0.0059 

0.0052 

0.0052 

0.0045 

0.0042 

0.0037 

0.0029 

0.0026 

\ 

0.0062 

0.0058 

0.0055 

0.0049 

0.0045 

0.0040 

0.0033 

0.0029 

if 

0.0068 

0.0062 

0.0058 

0.0052 

0.0048 

0.0042 

0.0037 

0.0032 

1 

0.0070 

0.0065 

0.0060 

0.0055 

0.0050 

0.0045 

0.0040 

0.0035 


Under these conditions the depth of the tooth and the feed per revo¬ 
lution 'will govern the number of revolutions required to knurl. If in 
Fig. 12, R is the radius of the stock, d is the depth of the tooth, c is 
the distance the knurl travels at a given feed per revolution, and h 
equals R — d , then c = \/R 2 — (R — cl) 2 . 



Fig. IS. Thumb-screw to be Knurled 

Let R = 0.125 inch and d = 0.0164 inch; then h = 0.1086 inch. 
Therefore c = \/ 0.125 2 — 0.1086 2 = 0.062 inch = rise required. 

Revolutions Required to Knurl 

Assume that it is required to find the number of revolutions to knurl 
a piece of gun screw iron, % inch in diameter, with a knurl % inch 
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Total Rise on Cam 

It is required to find the total rise on the cam to complete the knurl¬ 
ing, and also to cut the finished piece from the bar. The total rise can 
be found by means of the following formulas, derived by the aid of the 
diagram in Fig. 15. This shows the knurl in position on the center of 
the work, and the circular cut-off tool is also shown in its relative posi¬ 
tion to the work and the knurl. 



Fiflr. 14. Circular Forming 1 and Out-off Tools for Making Thumb-screw 
shown in Fig. 13 


Let T = total rise on the cam, 

N = rise required to knurl, 

S = radius of stock to be cut off, 

A = distance of bevel on cut-off tool as given in Table III, 

<7 = total rise required to cut-off = 8 -f 0.010 inch (to approach) -f 
0.005 inch (to pass center of stock) + A, 

E = distance from center of circular -tool to edge as shown, when 
tool is cut down below the center, 
a = radius of knurl to outside diameter, 
b = radius of stock minus depth of tooth in knurl, 
c = distance from cutting face to center of circular tool, 
h = o -f- ft -f- c, 

X = distance from center of cut-off* tool to center of knurl, when 
it is in position on the center of the stock. 
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R = radius of stock, 
r = radius of knurl, 

R x = radius of cut-off tool, 

r 2 = radius of knurl holder shown in Fig. 1, 

F = distance between the knurling and cut-off operations. Then 
E = \/ R? - c 4 ; X = s/ R,> - 
N = V R’ - ( R-d )> (See Fig. 12). 

F = X — (S ± E); T = N + F + C, 

For example, let it be required to design a set of cams to make the 
thumb-screw shown in Fig. 13, the material being %-inch round brass 
rod, and on which us cut a 32-pitch knurl. For the knurling operation 
we will use a cross-slide knurl-holder, as shown in Fig. 1. R is 0.1875 



inch, r is 0.375 inch, R x is 1.125 inch, R 2 is 1.625 inch; d is 0.0156 inch, 
angle on cut-off tool is 23 degrees, and the width of the cut-off tool is 
0.060 inch; then, referring to Table III, A is 0.0254 inch. The cut down 
below the center on the circular tool c is 5/32 inch. Then, a = 0.375; 
b = 0.1875 — 0.0156 = 0.1719; c = 0.1562; h = 0.7031. 

E = |/ (1.125' — 0.1562 2 ) = 1.114, 

X == i/ (1.625 2 — 0.7031' 2 ) = 1.465, 

N = j/ 0.1875 2 — (0.1875"^-070T56F= 0.075, 

S = 0.1562 inch, which is the radius of the shoulder left by the circu¬ 
lar form-tool, 

C = 0.1562 + 0.010 + 0.005 + 0.0254 = 0.1966, 

F = 1.465 — (0.1562 + 1.114) = 0.1948, 

T = 0.075 -f 0.1948 + 0.1966 = 0.4664 inch, which is the total rise 
required on the cam, for the knurling and the cut-off opera¬ 
tions. 

Having determined the total rise required on the cam, we will con¬ 
sider briefly the other operations. The order of the various operations 
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is given in the layout chart on page 20, and the position and type of 
tools used in the turret are shown in Pig. 16. As all the various opera¬ 
tions are shown plainly on the chart very little explanation will be re¬ 
quired. 

Before starting to design the cams, the drawings of the tools suitable 
for performing the various operations are collected, using standard 
tools as much as possible. Then, after selecting the various tools, a 
lay-out of the circular .form and cut-off tools, as shown at Fig. 14, is 
made. After having drawn the circular tools, and also laid out the 
turret operations as shown in Fig. 16, the order of the various opera¬ 



tions is considered. Referring to the plan of operations shown in the 
chart, the work proceeds in the following order: Feed stock to stop 
and chuck, revolve turret, and rough turn with the hollow mill shown 
in Fig. 16; while the hollow mill is turning down the work, the circular 
form tool is brought in and forms the head; the form tool retreats so 
that it will clear the face of the hollow mill; then the turret is re¬ 
volved and the finishing box-tool turns down the portion which is to 
be threaded. Now the turret is revolved and the die-holder is brought 
into position, and the work is threaded. By referring to Fig. 20, it will 
be seen that the highest portion of the lobe for the die is cut down 
equal to two threads, or 0.0554; this allows the die holder to draw out, 
and the spindle reverses on the tension of the spring (when a draw 
die-holder is used), which makes the die work easier, and does not 
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crowd it on the work. After the die comes off the work, clearance is 
allowed between the knurling tool and the die holder, which should be 
ample so that the tools will not come in contact with each other. Then 
the knurl travels onto the work, and dwells for 0.01 of the circum¬ 
ference (which in this case is equal to 4.2 revolutions of the spindle), 
when on the center of the work. It Is then forced off the work by 
the rise shown in Fig. 20, on the back cam. The circular form tool 
is now brought in again and removes the burr thrown up by the knurl; 
the form tool is cut away to clear the knurl. Finally, the back cross¬ 
slide travels in, and the circular cut-off tool shown in Fig. 14 starts 
to cut off the piece, but while the piece fis being cut off, the pointing 
tool shown in Fig. 16 is brought in and removes the burr that has been 



Fiar. 17. Machine set up and ready for Making Thumb-nuts 


thrown up by the die on the end of the screw; the piece is then sev¬ 
ered from the bar, and clearance is allowed to let the cut-off tool return 
before the stock is fed out again. 

Cutting the Cams 

After the cam blanks have been laid out, they are roughed out by drill¬ 
ing a series of holes about 1/8 inch or 3/16 inch away from the finish¬ 
ing line or by punching, which is performed on an ordinary punch- 
press. Then the cam is put onto a circular milling attachment. A 
vertical milling attachment is used in connection with the circular 
attachment, and a mill of the required diameter, which depends on the 
size of the roll on the automatic screw machine, is used for cutting 
the cam. The circular attachment is graduated in degrees and minutes, 
and it is, therefore, necessary to find the number of minutes in the 
number of hundredths on the lobe of the cam to be milled. 

The surface of the cam is divided into one hundred equal parts, and 
since there are 360 degrees in a circle, one-hundredth equals 3.6 de- 
grees, or 3.6 X 60 = 216 minutes. 
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To find the number of minutes which is equal to 0.001 inch rise, 
divide the total number of minutes contained in the lobe by the total 
number of thousandths rise. When cutting the cam, the platen of the 
milling machine is moved till the cutter comes in contact with the 
edge or face of the cam; then the cutter is fed in 0.001 inch, and the 
circular attachment is turned the required number of minutes, which 
i3 equal to 0.001 inch rise. • The milling operation is continued in this 
way until the lobe is completed. Milling the cam in this manner leaves 



Fifir. 18. A Collection of Knurls of Different Types 


a series of little steps, or rises, which can be removed with a file, and 
in -this way a true surface is obtained. 

In the half tone, Fig. 17, are shown, in position, the tools used in making 
a knurled thumb nut. The cross-slide knurling tool illustrated in Fig. 
1 is shown at B in position on the back cross-slide. In Fig 18 is shown 
a variety of knurls; at B is shown a concave knurl made by the method 
illustrated in Fig. 7, and at C is shown a pair of knurls which will 
produce a diamond knurl as shown in Fig. 11, when they are used in 
the knurl-holder shown in Fig. 10. 
















CHAPTER n 


TURRET KNURLING OPERATIONS 

The previous chapter deals particularly with cross-slide knurling 
operations, while the present takes up knurling from the turret, 
and special knurling operations. An adjustable knurl-holder for 
turret knurling is shown in Fig. 19. This holder can be used 
for either spiral or straight knurling, as the knurl-holders A can be 
Bwiveled to any angle. The illustration shows the holders set with 
the zero mark opposite 30 degrees, in which position the knurls would 
produce a diamond knurl, as shown on the piece A in Fig. 21. The 



Fig. 19. Brown & Sharpe Adjustable Turret Knurl-holder 


knurl-holders A are held in the lugs B by collar nuts C which are 
screwed onto the threaded shank of the holders. Lugs B are graduated 
at 5-degree intervals, so that the knurls can be easily set to the desired 
angle. These lugs project into the body of the holder and fit in beveled 
slots cut to receive them. The lugs are adjusted in and out by means 
of collar-head screws D> only one of which is shown in the illustration. 
These collar-head screws are locked by means of small brass shoes, 
operated on by the headless screws U. 

This knurl-holder can also be provided with bushings which fit in 
the hole F for holding centering tools or other internal cutting tools, 
so that other operations can be performed at the same time as the 
knurling operation. The cutting tools are held in position in the bush' 
ing by means of the set-screw Q. The chief advantage of this knurl- 
holder is that straight knurls can be used for spiral as well as for 
straight knurling. This is an important feature, as straight knurls 
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Fig. 20. Chart of Operations and Lay-out of Cams used for Making Thumb-screw shown in Fig. 18 
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are more easily and Quickly cut than spiral knurls, and also produce 
better results. 

Opening Knurl-holder 

The range of the knurl-holder shown in Fig. 19 is somewhat limited, 
in that it is impossible to knurl work a distance away from the end, 
when the diameter to be knurled is smaller than or of the same size 
as the part preceding it. For this class of work it is necessary to bring 
the knurl-holder onto the work, and then force the knurls in to the 
depth required so that the work can be knurled in any desired 
position without passing over the whole surface. A knurl-holder 
which can be used for this class of work is shown in Fig. 22. This 
type is used especially for work similar to that shown at B and C in 



Fig. 21, where, as can be seen, the knurled portions a are practically 
in the center of the work. 

The knurl-holder shown in Fig. 22 is made on the “swing” principle, 
and consists mainly of two swinging members A, in which the knurl- 
holders B are held by set-screws C. Rectangular holes are provided 
in the swinging members A, into which these knurl-holders B fit. As 
these two swinging members have to work together, it is necessary to 
connect them. This is accomplished, as shown in the illustration, by 
two connecting links D , attached to a stud E held in the main body 
of the holder F by the nut G which is screwed onto the shank of the 
stud. 

In operation, the rising block, held on the cross-slide, presses against 
the point a of the screw H , and forces the right swinging member A 
in the direction of the arrow. This revolves the stud E in the direction 
of the arrow, which action, in turn, draws in the left swinging arm. 
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These members are held apart by coil spring I pressing against two 
spring plungers J y which, in turn, press against two pins K held in 
the swinging members. These pins K project into the main body of 
the holder, and are stopped by means of two headless screws L, which 
are tapped into the holder. The swinging members A are, as plainly 
shown, attached to the main body of the holder in the same manner as 



an ordinary swing tool. The knurl-holders in this case, however, can¬ 
not be set to any desired angle, but are held rigidly, so to speak, in the 
swinging members. The forward ends of these holders are offset so 
that a straight knurl is held at an angle of 30 degrees with the axis 
of the holder for producing diamond knurling. However, the knurl- 
holder proper can be used for straight knurling or other knurling from 




Figr. 23. Numbering Tool of the Swing: Type 


the turret, by supplying it with knurl-holders B of the desired shape to 
suit conditions. 

.This knurl-holder is provided with a stop M , similar in shape to an 
ordinary fillister-head screw, which is tapped into the shank of the 
holder. The screw is flattened on the end projecting from the holder, 
so that a wrench can be used for adjusting it, the nut N y of course, 
being used for locking when the stop is set in the desired position. 
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The advantage of this stop is that when all the holes in the turret 
are full and it is necessary to feed the stock out again, the holder will 
act as a stop when the, stock is fed out into it. The rise on the lead 
cam is, of course, used to govern the position of the knurls on the 
work. 

Numbering Tool 

In Fig. 23 is shown a swinging knurl-holder which was used for 
rolling figures in a wheel for a cash register. The method of rolling 



Fig-. 24. Knurl-holder for Concave and Convex Knurling 

the figures on the wheels is interesting. The knurl A and the number¬ 
ing wheel B are made separately, and are screwed onto a sleeve C 
which, in turn, is held on a pin D. This pin is driven into the swinging 
member of the holder, and is held by a headless screw E. 

The diameter of the knurl A is slightly larger than the diameter, 
over the figures, of the numbering wheel, so that the knurl comes in 
contact with the work first. The object of this is to provide a drive 
for the numbering wheel, so that it will not slip and “chew up” the 
figures which are being rolled in the work. The knurled portion is 
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removed, after the letters have been rolled, by a circular form tool 
operated from the cross-slide, which operation leaves the work in the 
condition shown at D in Fig. 21. This idea of using a knurl to drive 
the numbering tool is worth noting, as the same principle cpuld be used 
in a number of cases for performing work of similar character.. 

Knurl-holder for Concave and Convex Knurling 
At E in Fig. 21 is shown an acorn nut, a. portion of which is knurled 
as indicated. This operation would be difficult to perform with a cross¬ 
slide knurl-holder, owing to the fact that the knurl could not be brought 
in straight—that is, having its axis parallel to the axis of the spindle— 
as the knur|^ would have a tendency to glide off. This, however, was 
accomplished by knurling from the turret with a knurl-holder operated 
by a rising block held on the cross-slide. 

The knurl-holder for performing this operation, and the knurl used, 
are shown in Fig. 24. This knurl-holder is of the swing type, and is 



offset as shown. The manner of holding the swinging member is that 
commonly used and needs no description. The angle to which the 
knurl-holder is offset is such that the knurl can be held with its axis 
parallel to the face of the work to be knurled. The face of the work 
in this case, however, is convex, so that the axis of the knurl is held 
parallel to - an imaginary line, joining the smallest and largest diam¬ 
eters of the knurled portion. Forcing this knurl-holder in at an angle, 
makes it necessary to provide a roller on the swinging member, so that 
the pressure can be directed in a straight line and still deflect the 
swinging member to the required angle without cramping. The knurl 
A is held on a pin B driven into the swinging member of the holder, 
and a rectangular hole C is cut in the swinging member into which 
tho knurl fits. 

Holders for Bevel Knurling 

At F in Fig. 21 is shown a piece which is beveled and knurled, and 
in Fig. 25 is shown the knurl and holder which were used to perform 
the knurling operation. The holder is of simple design and will not 
need further explanation. The knurl is held, as shown, at the desired 
angle with the work, on a pin driven into the knurl-holder. This 
simple knurl-holder performed the operation successfully. 

At G in Fig. 21 is shown a piece somewhat similar to that at F, but 
it is smaller in diameter, and the included angle of the tapered por- 
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tion is less. This piece was not knurled from the turret, however, but 
was operated on by a cross-slide knurl-holder of the type shown in 
Fig. .26. The body A of this holder is cylindrical in shape, while tfie 
shank B is of rectangular section, and is held in the cross-slide holder 
used for holding straight forming tools. This holder can be furnished 
for the Brown & Sharpe automatic screw machine when so desired. 
The knurl C is made with a shank, which passes into the body of the. 
holder A and is held in the holder by a pointed set-screw D fitting 
in an annular groove cut in the shank of the knurl. As the thrust 

exerted on the knurl when in opera¬ 
tion is considerable, it is necessary to 
provide this knurl-holder with roller 
bearings to reduce the friction. Two 
steel washers E act as retainers for 
the ball bearings F, and an additional 
bronze washer O is provided to sepa¬ 
rate the body of the holder from the 
tool-steel, retainers. These retainers 
E are hardened, as is also the knurl C. 

Turret Knurl-holder for 
End Knurling 

It is sometimes necessary, when 
using special turret tools, espe¬ 
cially those of the generating type, 
to knurl the end of the work so that 
the tool in the turret can be kept 
in step with the work. The knurl- 
holder, and knurl for performing 
this class of work are shown in 
Fig. 27. 

The knurl A is held in' the holder at an angle with the horizontal 
center line. The angle a at which the knurl is held should be from 
15 to 30 degrees; about 20 degrees, however, is ordinarily used. The 
shank of the knurl A passes into the body of the holder and fits in a 
bronze sleeve B, the sleeve being driven into the holder. An oil 
groove is cut in this sleeve to supply oil to the shank of the knurl. A 
hardened steel washer C and a bronze washer D are also provided to 
reduce the friction. The knurl is held up against these washers C and 
D by a collar E, which is fastened to the shank of the knurl with a 
pin F. 

This type of knurl-holder is also used for assembling operations. 
The piece to be assembled on the work in the chuck is put in place, 
and the knurl-holder is brought in, upsetting the end so that the part 
assembled cannot be taken off. A hole is usually drilled in the end 
of the knurl, as shown, to facilitate the cutting of the teeth. 

Laying out Cams for Turret Knurling Operations 

Knurling from the turret differs from knurling from the cross-slide, 
in that the turret knurl-holder cannot be taken off the work on the 


WORK 
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Fig-. 26. Bevel Knurl-holder used 
on the CroBS-elide 
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quick drop of the cam. If this were done, the knurls would “chew up” 
the knurling which has been made on the forward travel of the knurls. 
The method of laying out the rise on the lead cam for knurling from 
the turret is shown in Fig. 28. This is the lay-out of a set of cams 
for making a Brown & Sharpe micrometer sleeve, shown at A in Fig. 
21. The other machining operations on this sleeve, however, are not 
within the scope of this article, so we will turn our attention to the 
lobe which performs the knurling operation. This lobe is shown at A 
on the lead cam. It will be noted that the part of the lobe for the 
forward travel of the knurls covers a greater number of hundredths 
of the cam surface than does the part of the lobe used for backing 
the knurls off the work. As a rule, the part of the lobe used in back¬ 
ing the knurl off the work should contain about half the number of 
hundredths used for feeding the knurl onto the work, or, in other words, 



Fig*. 27. Turret Knurl-holder for End Knurling 


the feed used for backing-off should be about twice that used for feed¬ 
ing on. 

Designing and Cutting Bevel and End Knurls 

The making of bevel knurls differs from the making of bevel gears 
only in that the pitch circle of the knurl is not taken into considera¬ 
tion. 

In Fig. 29 is shown the ordinary method of designing a bevel knurL 
Angle a, of course, is made to conform to the face angle on the work. 
The face angle p on the; knurl can be found by the following formula: 

d 

First find tan 17 , which is equal to — (d = depth of tooth, and A = 

A 

length of face cone radius of knurl). The diameter of the knurl, D, is 
made to suit the requirements. 

Then 

P = a + v 

The included angles of the teeth for the knurls used in knurling 
different materials were given in the previous chapter, together with a 
table giving the depth of teeth for various included angles. 

In Fig. 30 is shown a method of designing an end knurl. The bob 
tom of the- tooth in the knurl should be at right angles to the center 
line of the spindle when the knurl is held in the position shown, so 
that the face of the teeth on the knurl projects past the perpendicular. 
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thus forming the teeth in the work deeper at the outer circumference 
than ac the center. In cutting the knurl, when the angle 0 at which 
the knurl is held in the. holder is known, the setting of the knurl in the 
milling machine is, of course a simple problem. The face angle of the 



Fig; 28. Cams for Making 1 Brown & Sharpe Micrometer Sleeve, showing* 
Method of Laying* out Lobe for Turret Knurling 


knurl has to be found, however, before the knurl can be made. This 
angle can be found by the aid of the following formulas, in which 
0 = angle of inclination of axis of knurl, 

5 = angle of bottom of tooth with axis of knurl, 

7 = tooth angle, 

0 ==face angle of knurl, 

R = radius of .knurl, made to suit requirements. 

R 1 = distance from vertex to circumference at bottom of tooth, 

R 2 = distance from vertex to circumference at face of tooth, 
dj = depth of tooth. 

5 = 90 degrees — 0 
R 

R t = - 


cos 0 
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r 2 = R ± — (d ± X tan 0) 
d x 

tan 7 =- 

R2 

<f> = 0 — 7 

For example, assume that it is required to design an end knurl with 
the following data: 

Angle 6 = 20 degrees , 

Depth of tooth, d ± = 0.027 inch, 

Radius of knurl, R = 0.375 inch. 

Then 

0.375 0.375 

R ± = -=-= 0.399 inch. 

cos 20 deg. 0.9397 



Machinery ,N. Y. 


Flgr. 29. Method of Finding: the Cutting Figr. SO. Method of Finding the 
Angle of Bevel Knurls Face Angle of End Knurls 

1 

R 2 = 0.399 — (0.027 X tan 20 deg.) = 0.399 — 0.0098 = 0.389 in. 

5 = 90 deg. — 20 deg. = 70 deg. 

0.027 

tan 7 =-= 0.0694, the tangent of 3 deg. 58 min. 

0.389 

<t> = 20 deg. — 3 deg. 58 min. = 16 deg. 2 min. 

For some classes of work it may be necessary to have the diameter of 
the knurl tapering, so that the circumference is at an angle of 90 de¬ 
grees or less to the face of the knurl. This, however, decreases the 
strength of the teeth at the circumference, and promotes chipping of 
the teeth. 

Rise on Lead and Cross-slide Cams for Turret Knurling 

Knurling operations performed from the turret can be divided into 
five distinct groups as follows: 

1. Spiral or diamond knurling, when the knurl-holder is operated 
on entirely by the lead cam. 
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2. Spiral or diamond knurling, when the knurl is operated on by 
both the lead and cross-slide cams. 

3. Bevel knurling, when the knurl is operated entirely from the 
turret. 

4. Bevel knurling, when the knurl is operated on by both the lead 
and cross-slide cams. 

5. End knurling, when the knurl is operated on entirely from the 

turret. t 

The rise on the cam for knurling from the turret, subject to the 
conditions above stated, can be found by referring to Fig. 31. At A 
is shown the diagram for spiral v or straight knurling when the knurl 



Fig. 81. Diagrams for Finding Rise on Lead and Cross*slide 
Cams for Turret Knurling 


is operated on entirely from the turret. The rise oh the lead cam for 
this operation would be & + a. The value a takes into consideration 
the bevel on the knurl, which is necessary to prevent the corners from 
chipping. 

For spiral or straight knurling when the knurl is operated on by 
both the turret and cross-slide cams, the diagrams shown at B and C 
are used. Here the lead cam brings the knurls onto the work into the 
position shown, by the quick-rise of the cam. A dwell is then made 
on the lead cam, and the cross-slide cam forces the knurls in to the 
proper depth. The lead cam then advances, while a dwell is made on 
the cross-slide cam. The rise on the lead cam is equal to c, or the 
length of the knurled portion, minus the thickness d of the knurl. 
The rise h on the cross-slide cam is found by the following formula: 

eXf 


h = 


9 
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The value e is equal to the depth of the tooth. This value is slightly 
greater than the rise on the cam required for knurling, as the material 
is displaced. However, the depth of the tooth, e, is near enough for 
all practical purposes. 

The method of obtaining the rise on the cam for bevel knurling 
when the knurl is operated on entirely by the lead cam, is shown at D, 
where i equals the rise required on the cam. The rise i is obtained 
by means of the following formulas, where 
k = face cone radius of work, 

; = diameter of work, 


TABLE IV. FEEDS FOR TURRET KNURLING 


Pitch 

of 

Knurl 

Brass Rod, 
Feed per 
Revolution 

Gun Screw 
Iron, Feed per 
Revolution 

Machine ^fteel. 
Feed per 
Revolution 

Tool Steel, 

Feed per 
Revolution 

16 

0.0100 

0.0080 

0.0060 

0.0040 

18 

0.0105 

0.0084 

0.0063 

0.0042 

20 

0.0110 

0.0088 

0.0065 

0.0044 

22 

0.0115 

0.0092\ 

0.0068 

0.0046 

24 

0.0118 

0.0096 

0.0070 

0.0048 

26 

0.0123 

0.0100 

0.0072 

0.0050 

. 28 

0.0128 

0.0103 

0.0074 

0.0051 

30 

0.0135 

0.0106 

0.0076 

0.0052 

32 

0.0140 

0.0110 

0.0078 

0.0053 

34 

0.0145 

0.0115 

0.0080 

0.0054 

36 

0.0150 

0.0120 

0.0082 

0.0056 

38 

0.0153 

0.0125 

0.0084 

0.0057 

40 

0.0158 

0.0128 

0.0086 

0.0058 

42 

0.0164 

0.0182 

0.0088 

.0.0059 

44 

0.0168 

0.0186 

0.0090 

0.0061 

46 

0.0173 

0.0140 

0.0092 

0.0062 

48 

0.0178 

0.0143 

0.0094 

0.0063 

50 

0.0182 

0.0145 

0.0098 

0.0064 

52 

0.0185 

0.0148 

0.0103 

0.0065 

54 

0.0189 

0.0150 

0.0108 

0.0066 

56 

0.0193 

0.0153 

0.0111 

0.0067 

58 

0.0195 

0.0156 

0.0115 

0.0068 

60 

0.0198 

0.0158 

0.0118 

0.0069 

62 

0.0200 

0.0160 

0.0120 

0.0070 


i = rise required on cam, 

a — angle of bottom of tooth with axis of work, 
/3 = angle of face with axis of work, 
e = tooth angle, 

= depth of tooth. 


j d x 

k = -; sin e =-; a = p — e 

2 sin p k 

Then 

d t 

i =-h 0.010 to 0.015 inch. 

sin a 


The method used for obtaining the rise on the cross-slide cam for 
bevel knurling when the knurl is operated on by both the lead and 
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cross-slide cams, is the same as that shown at C in Fig. 31. The 
holder in which the knurl is held is offset, so that the face of the knurl 
is held parallel with the face of the work when being fed in. The 
depth of the tooth, therefore, is used for obtaining the rise on-the 
cross-slide cam, by the aid of the diagram shown at C. No rise is 
required on the lead cam, as the knurl is brought to the correct posi¬ 
tion on the work by the quick-rise of the cam, and then allowed to 
dwell until the knurling is completed. 

The method of obtaining the rise on the lead cam for end knurling 
is shown at E , where it can be seen that the rise l equals the depth of 
the tooth. To dimension l should be added from 0.010 to 0.015 inch for 
the approach. 

Speeds and Feeds for Knurling 

i 

Knurls, as a rule, can be operated at about the same speed as circu¬ 
lar forming tools, if the proper feed is given and the knurl is provided 
with a copious supply of good lard oil. However, it may be advisable 
in some cases, especially when knurling tool steel or drill rod, to de¬ 
crease the speed somewhat. 

Definite information cannot be given for feeds for turret knurling, 
as' it is impossible to take into consideration all the various conditions 
under which a knurl will be operated. When two knurls are employed 
for diamond or spiral knurling, the knurls can be operated at a higher 
rate of feed for producing a spiral than they can for producing a dia¬ 
mond knurl. The reason for this is that in the first case the two 
knurls would be working in the same groove, whereas in the latter case 
the two knurls are working independently of each other, so that each 
has to do its own share of the work. Another condition encountered 
is end knurling where the knurl only has to be fed in to the depth of 
the tooth. Here the feed varies, of course, from that used for spiral 
or diamond knurling; so it is obvious that no definite rule can be laid 
down which will cover all conditions. The diameter of the work is 
also a determining factor, making the problem still more difficult. 
Feeds for turret knurling are given in Table IV for knurling different 
materials. The feeds here given are applicable particularly to spiral 
and diamond knurling, but can also be used, with judgment, for bevel 
or end knurling. The diameter of the work is not taken .into considera¬ 
tion, and allowance should be made for this when using the feeds given. 
The feeds to be used for backing the knurls off the work should be as 
follows: For brass, screw stock and machine steel, twice the feeds 
given in the table; and for tool steel, three times the feeds given in the 
table. 



CHAPTER III 


SPECIAL KNURLING OPERATIONS 

The knurling operations dealt with in the previous chapters are 
what might be called “standard,” and are met with frequently in auto¬ 
matic screw machine practice. The following examples are of a more 
special nature, and illustrate unusual applications of knurls. The 
data which follows should be of suggestive value to the designer of 
screw machine tools, inasmuch as it presents commendable methods 
of applying knurls to the work under varying conditions. 

Bevel Knurling Tools operated from the Turret 

The simple bevel knurling tool shown in Fig. 33 is provided with 
a tapered shank and is held in a standard floating holder in the tur- 



Fig. 32. Examples of Work Requiring- Special Knurls and 
Knurl-holder Applications 


ret. The piece to be knurled, A, is a small German silver button which 
has a convex face, but as the curvature is slight, a straightface dia¬ 
mond knurl can be used. In applying the knurl to the work, the cen¬ 
ter line BC of the knurl should be at right angles to that portion of 
the work it is required tp knurl. This particular holder was used in 
a No. 00 Brown & Sharpe automatic screw machine, which was oper¬ 
ated at a spindle speed of 1492 R. P. M., and with a feed to the knurl 
of 0.0023 inch per revolution of the work. 

Another example of end-knurling from the turret is shown in Fig. 
34. The piece to be knurled is shown at A, and also at F in Fig. 32. 
The knurl is presented from the turret under the body of the work, 
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and produces a single spiral knurl, the teeth of which are at an angle 
of 25 degrees with the axis of the work. The holder is held in a No. 2 
Brown & Sharpe automatic screw machine, and the work is rotated at 




Fig. S3. End-knurling Tool held In Floating Holder 


1200 R. P. M., with a feed to the knurl of 0.0024 inch per revolution. 

The knurl holder consists of a shank B which fits the hole in the 
turret, and a holder C held to the body B by a screw, and located by 
a tongue and groove. The hole for screw D in holder C is larger than 



Fig. 84. End-knurling Tool held in Turret and Operated at an Angle 


the body diameter of the screw, to provide for adjustment. The knurl 
which is shown detailed at E is provided with a shank which is a 
running fit in the hole in holder C. It is retained by a washer F and 
screw G and rotates on a hardened washer H. The distance I on the 
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knurl shank is slightly greater than the width of the holder, so as 
to allow the knurl and washer G to rotate freely. 

The knurl B and the knurl holder D shown in Fig. 35 are used to 
produce a ratchet form of radial teeth in the shoulder of the piece 



Fig. 35. Knurl and Knurling Tool-holder for producing Racket 
Form cf Radial Teeth 


shown at A, and also at C in Fig. 32. The teeth in the knurl are cut 
at an angle of 60 degrees and are radial. The work is rotated at 1216 
R. P. M., and a feed of 0.0008 inch is given to the knurl per revolution 
of the work. 



Fig. 36. Knurl and Holder for producing ‘‘Tangential” Form of Knurl 


This holder is held in the turret of a No. 2 Brown & Sharpe auto¬ 
matic screw machine, and consists of a body and shank C to which 
the holder D is held by a screw. The knurl B rotates in a phosphor- 
bronze bushing which is prevented from turning by a screw. The 
knurl is retained in the bushing by a large-headed screw F provided 
with a shoulder. There is sufficient end play to allow the knurl to 
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rotate freely. It should be noted that in presenting the knurl to the 
work, the bottom of the teeth in the knurl should be at right angles 
to the center line of the holder or of the work. 



Machinery 

Fig. 87. Special Knurls and Holder for Internal Bevel Knurling 


A knurl-holder bearing a marked similarity to that shown in Fig. 
35 is illustrated in Fig. 36. In this case, however, the knurl is used 
for producing “tangential” teeth, as shown on the piece B, Fig. 32, 
and consequently it is provided with spiral teeth. It is not inclined at 
so small an angle with the center line of the holder, and approaches, 



Fig. 88. Swing’ Type of Turret Knurl-holder for Knurling at Various Angles 


when in operation on the work, as closely as conditions will permit, 
the action of a helical gear in mesh. 

Internal Turret Knurl-holder 

A special application of two bevel spiral knurls to the work is shown 
in Fig, 37. Here the portion of the work to be knurled is beveled at 
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an included angle of approximately 90 degrees, and as showrf at A In 
Fig. 32, a diamond-shaped knurl is to be produced. This operation 
can be more easily accomplished in this case with two spiral knurls 
than would be possible with one diamond knurl. Under these condi¬ 
tions it is advisable to have the angle a slightly less than half the 
angle on the work, so that it will be possible to use a bevel knurl, as 
a straight knurl would not work freely when operated from either the 
turret or cross-slide. 

The holder A, Fig. 37, which is held in the turret, is made from a 
machine steel forging and is supplied with two lugs, bored to receive 
the phosphor-bronze bushings B, these being retained in the holder by 
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Fiff. 89. Opening Type of Turret Knurl-holder for Bevel Knurlingr 


screws C. The knurls D are provided with shanks and are retained 
in bushings B by screws E , which rotate with the knurls. The end 
thrust of the knurls in this holder is considerable, so that it is neces¬ 
sary to back up the bushings B with screws F. 

Special Swing Knurl-holder 

A special knurl holder which is held in the turret and operated 
from the cross-slide by a rising block under the front tool-post, is 
shown in Fig. 38. The work is shown at A, and also at D*in Fig. 32. 
It will be noticed that the work is considerably greater in diameter 
than suitable for the ordinary capacity of the No. 2 Brown & Sharpe 
automatic screw machine, thus requiring the use of a special outside 
feeding attachment, the ordinary feed tube being removed. The work 
is revolved at 240 R. P. M., and the knurl holder advanced at the rate 
of 0.00077 inch per revolution of the work. This is the speed at which 
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the swinging arm D is moved, so that the actual feed to the knurl will 
be somewhat less than this amount. 

The main body of holder C is provided with a shank held in the 
turret, and the swinging member D is held to its front face by a bolt 
E and nut F. The knurl B is held on pin G retained in the swivel 
holder H by screw I. The holder H is provided with angular gradua¬ 
tions reading to degrees, so that the knurl can be set to the desired 
angle with the work. In the illustration the knurl is set straight, but 
in actual operation it is set around at an angle of 8 degrees. The 
shank of holder H is retained in the swinging member D by two set¬ 
screws J , which operate on bronze shoes to prevent marring- the 
shank. 

In operation, the rising block on the cross-slide comes in contact 
with the point a of the adjusting screw K , forcing the knurl into the 
work. The swinging member is returned to adjustable stop-screw L 
by a spring M , plunger N and pin O, the latter being driven into the 
swinging member and operating in an elongated hole in the holder C. 

Special Opening Knurl-holder 

An opening type of knurl-holder of a design almost identical with 
that shown in Fig. 22, is shown in Fig. 39. Two bevel knurls B are 
held in the swinging arms C and D in the manner shown in the sec¬ 
tional view. These arms are provided with offset lugs bored to re¬ 
ceive the phosphor-bronze bushings E , which are prevented from turn¬ 
ing by set-screws F. The knurls B are provided with shanks and are 
retained in the bronze bushings by screws G. The type of holder 
shown gives better results on the piece shown at A , and also at E in 
Fig. 32, than would a holder held on the cross-slide which would 
force the knurl straight into the work. The reason for this is that in 
operating a bevel knurl from the cross-slide on a tapered piece of 
work, the knurl has a tendency to glide off and produce an imperfect 
form of knurl. The opening type of holder obviates this difficulty to 
a considerable extent, as the power can be applied, so to speak, at right 
angles to the surface knurled. The knurls are brought into position 
by the turret and then fed into the work by the rising block on the 
cross-slide. 



OUTLINE OP A COURSE IN SHOP AND DRAFTING-ROOM 
MATHEMATICS, MECHANICS, MACHINE DESIGN 
AND SHOP PRACTICE 

Any intelligent man engaged in mechanical work can acquire a well-rounded 
mechanical education by using as a guide in his studies the outline of the 
course in mechanical subjects given below. The course is laid out so as to 
make it possible for a man of little or no education to go ahead, beginning 
wherever he finds that his needs begin. The course is made up of units so that 
it may be followed either from beginning to end; or the reader may choose 
any specific subject which may be of especial importance to him. 


Preliminary Course in Arithmetic 

Jig Sheets 1A to 5A:—Whole Num¬ 
bers: Addition, Subtraction, Multi¬ 

plication, Division, and Factoring. 

Jig Sheets 6A to 15A:—Common 
Fractions and Decimal Fractions. 

Shop Calculations 

Reference Series No. 18. Shop 
Arithmetic for the Machinist. 

Reference Series No. 52. Advanced 
Shop Arithmetic for the Machinist. 

Reference Series No. 53. Use of 
Logarithmic Tables. 

Reference Series Nos. 54 and 55. 
Solution of Triangles. 

Data Sheet Series No. 16. Mathe¬ 
matical Tables. A book for general 
reference. 

Drafting-room Practice 

Reference Series No. 2. Drafting- 
room Practice. 

Reference Series No. 8. Working 
Drawings and Drafting-room Kinks. 

Reference Series No. 33. Systems 
and Practice of the Drafting-room. 

General Shop Practice 

Reference Series No. 10. Examples 
of Machine Shop Practice. 

Reference Series No. 7. Lathe and 
Planer Tools. 

Reference Series No. 25. Deep Hole 
Drilling. 

Reference Series No. 38. Grinding 
and Grinding Machines. 

Reference Series No. 48. Files and 
Filing. ‘ 

Reference Series No. 32. Screw 
Thread Cutting. 

Data Sheet Series No. 1. Screw 
Threads. Tables relating to all the 
standard systems. 

Data Sheet Series No. 2. Screws, 
Bolts and Nuts. Tables of standards. 

Data Sheet Series Nos. 10 and 11. 
Machine Tool Operation. Tables re¬ 
lating to the operation of lathes, screw 
machines, milling machines, etc. 

Reference Series Nos. 50 and 51. 


Principles and Practice of Assem¬ 
bling Machine Tools. 

Reference Series No. 57. Metal 
Spinning. 

Jigs and Fixtures 

Reference Series Nos. 41, 42 and 43. 
Jigs and Fixtures. 

Reference Series No. 3. Drill Jigs. 

Reference Series No. 4. Milling 
Fixtures. 

Punch and Die Work * 

Reference Series No. 6. Punch and 
Die Work. 

Reference Series No. 13. Blanking 
Dies. 

Reference Series No. 26. Modern 
Punch and Die Construction. 

Tool Making 

Reference Series No 64. Gage 

Making and Lapping. 

Reference * Series No. 21. Measur¬ 
ing Tools. 

Reference Series No. 31. Screw 

Thread Tools and Gages. 

Data Sheet Series No. 3. Taps and 
Threading Dies. 

Data Sheet Series No. 4. Reamers, 
Sockets, Drills, and Milling Cutters. 

Hardening and Tempering 

Reference Series No. 46. Harden¬ 
ing and Tempering. 

Reference Series No. 63. Heat 

Treatment of Steel. 

Blacksmith Shop Practice 
and Drop Forging 

Reference Series No. 44. Machine 
Blacksmithing. 

Reference Series No. 61. Black¬ 
smith Shop Practice. 

Reference Series No. 45. Drop Forg¬ 
ing. 

Automobile Construction 

Reference Series No. 59. Machines, 
Tools and Methods of Automobile 
Manufacture. 

Reference Series No. 60. Construc¬ 
tion and Manufacture of Automo¬ 
biles. 


Theoretical Mechanics 

Reference Series No. 6 . First Prin¬ 
ciples of Theoretical Mechanics. 

Reference Series No. 19. Use of 

Formulas in Mechanics. 

Gearing 

Reference Series No. 15. Spur 

Gearing. 

Reference Series No. 37. Bevel 

Gearing. 

Reference Series No. 1. Worm 

Gearing. 

Reference Series No. 20. . Spiral 

Gearing. 

Data Sheet Series No. 5. Spur 
Gearing. General reference book con¬ 
taining tables and formulas. 

Data Sheet Series No. 6 . Bevel, 
Spiral and Worm Gearing. General 
reference book containing tables and 
formulas. 

‘ General Machine Design 

Reference Series No. 9. Designing 
and Cutting Cams. 

Reference Series No. 11. Bearings. 

Reference Series No. 56. Ball 
Bearings. 

Reference Series No. 58. Helical 
and Elliptic Springs. 

Reference Series No. 17. Strength 
of Cylinders. 

Reference Series No. 22. Calcula¬ 
tions of Elements of Machine De¬ 
sign. 

Reference Series No. 24. Examples 
of Calculating Designs. 

Reference Series No. 40. Fly¬ 
wheels. 

Data Sheet Series No. 7. Shafting, 
Keys and Keyways. 

Data Sheet Series No. 8. Bearings, 
Couplings, Clutches, Crane Chain 
and Hooks. 

Data Sheet Series No. 9. Springs, 
Slides and Machine Details. 

Data Sheet Series No. 19. Belt, 
Rope and Chain Drives. 

Machine Tool Design 

Reference Series No. 14. Details 
of Machine Tool Design. 

Reference Series No. 16. Machine 
Tool Drives. 

Crane Design 

Reference Series No. 23. Theory of 
Crane Design. 

Reference Series No. • 47. Design 
of Electric Overhead Cranes. 

Reference Series No. 49. Girders 
for Electric Overhead Cranes. 


Steam and Gas Engine Design 

Reference Series Nos. 67 to 72, in¬ 
clusive. Steam Boilers, Engines, 
Turbines and Accessories. 

Data Sheet Series No. 15. Heat, 
Steam, Steam and Gas Engines. 

Data Sheet Series No. 13. Boilers 
and Chimneys. 

Reference Series No. 65. Formulas 
and Constants for Gas Engine De¬ 
sign. 

Special Course in Locomotive Design 

Reference Series No. 27. Boilers, 
Cylinders, Throttle Valve, Piston 
and Piston Rod. 

Reference Series No. 28. Theory 
and Design of Stephenson and Wal- 
schaeri s Valve Motion. 

Reference Series No. 29. Smoke- 
box, Frames and Driving Machinery. 

Reference Series No. 30. Springs, 
Trucks, Cab and Tender 

Data Sheet Series No. 14. Locomo¬ 
tive and Railway Data. 

Dynamos and Motors 

Reference Series No. 34. Care and 
Repair of Dynamos and Motors. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation, 
and Miscellaneous Tables. 

Reference Series Nos. 73 to 78, in¬ 
clusive. Principles and Applications 
of Electricity. 

Heating and Ventilation 

Reference Series No. 39. Fans, 
Ventilation and Heating. 

Reference , Series No. 66. Heating 
and Ventilating Shops and Offices. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation, 
and Miscellaneous Tables. 

Iron and Steel 

Reference Series No. 36. Iron and 
Steel. 

Reference Series No. 62. Testing 
the Hardness and Durability of 
Metals. 

General Reference Books 

Reference* Series No. 35. Tables 
and Formulas for Shop and Draft¬ 
ing-room. 

Data Sheet Series No. 12. Pipe and 
Pipe Fittings. 

Data Sheet Series No. 17. Mechan¬ 
ics and Strength of Materials. 

Data Sheet Series No. 18. Beam 
Formulas and Structural Design. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation 
and Miscellaneous Tables. 



